Xanthomonas translucens pv. translucens (Xtt) is a Gram-negative pathogen of crops from the plant family Poaceae. The lipopolysaccharide (LPS) of Xtt was isolated and chemically characterized. The analyses revealed the presence of rhamnose, xylose, mannose, glucose, galacturonic acid, phosphates, 3-deoxy-D-manno-oct-2-ulopyranosonic acid (Kdo) and fatty acids (10:0, 11:0, 11:0(3-OH) i/a, 11:0(3-OH), 12:0(3-OH) i/a, 12:0(3-OH), 12:0, 13:0(3-OH) i, 13:0(3-OH) a, 13:0(3-OH), 14:0(3-OH) i/a, 14:0(3-OH) and 16:0). The rough type of LPS (lipooligosaccharides; LOS) was isolated and its composition determined utilizing mass spectrometry. The structure of core-lipid A backbone was revealed by nuclear magnetic resonance (NMR) spectroscopy performed on O-deacylated LOS sample, and was shown to be:
Introduction
The genus Xanthomonas represents a diverse group of Gramnegative plant pathogens, including many species that affect economically relevant crops. Xanthomonas oryzae pv. oryzicola (Wang et al. 2013a ) is a pathogen for rice, Xanthomonas campestris pv. campestris infests different cultivars of cabbage (Kocks and Zadoks 1996) , Xanthomonas hortorum pv. vitians is a lettuce pathogen (Molinaro et al. 1999) and Xanthomonas axonopodis pv. citri is a severe pathogen for almost all citrus cultivars (Li and Wang 2011) . Due to global warming the cereal-pathogen Xanthomonas translusens pv. translucens (Xtt) is gaining growing importance since the distribution of the infection caused by this bacterium is limited by temperature.
Lipopolysaccharides (LPS) are important surface molecules of most Gram-negative bacteria, in which they determine most of the cell-exposed properties. LPS consist of three different parts: (i) the polysaccharide, in most cases representing the O-specific antigen (OPS or O-antigen); (ii) the more structurally conserved core region; and (iii) lipid A. In several species (wild type varieties of Yersinia pestis, Bordetella pertussis and others, or laboratory mutants), the OPS is not present due to biosynthesis/genetic peculiarities. Such bacteria possess lipooligosaccharides (LOS), consisting only of core region and lipid A. The OPS reaches into the environment, and on its basal part it is bound to the LOS core (Raetz 1990; Alexander and Rietschel 2001; Raetz and Whitfield 2002) . The core region comprises up to 15 monosaccharides, including heptoses, depending on the bacterial species. In all cases, it contains at least one molecule of 3-deoxy-D-manno-oct-2-ulopyranosonic acid (Kdo) which links the core region to the lipid A (Holst and Brade 1992; Knirel and Kochetkov 1993; Holst 2002 Holst , 2007 Vinogradov et al. 2002; Frirdich and Whitfield 2005; Holst and Molinaro 2009) . Also, different non-sugar substituents like phosphates or phosphoethanolamine can be attached to it. Lipid A represents a lipophilic moiety that functions as a membrane anchor and, depending on its structure, may express toxic properties in the host. In most cases, the lipid A contains a backbone of two β-(1→6)-linked 2-amino-2-deoxy-D-glucopyranose (GlcpN) molecules to which different (including 3-hydroxy) fatty acids are bound via amino-as well as via ester-linkages. LPS and LOS play a crucial role in most Gram-negative bacteria, where they are essential for cellular stability. However, depending mainly on their lipid A structure, LPS/LOS molecules are recognized by specific receptors of the innate immune system and induce strong defence responses in animals and plants (Neyen and Lemaitre 2016) .
Until recently, not much was known about the mechanisms triggering the previously described plant response on LPS. Apart from Pseudomonas LPS, Xanthomonas LPS/LOS has been analyzed in a number of studies with respect to its recognition by host-and nonhost plants. X. campestris intact LPS is essential for full virulence (Dow et al. 1995) . Isolated LPS of X. campestris pv. campestris is able to induce the generation of reactive oxygen species (ROS) in cell cultures of the non-host tobacco (Meyer et al. 2001) . Calcium transients and protein phosphorylation are essential parts of the LPS induced signal transduction chain (Gerber et al. 2008) . Very recently, a lectin S-domain receptor kinase was identified in Arabidopsis thaliana as receptor responsible for plant response towards LPS (Ranf et al. 2015) .
LPS of various xanthomonads were used for in depth structural studies due to their role as important pathogens (Molinaro et al. 1999 (Molinaro et al. , 2003 Meyer et al. 2001; Vorhölter et al. 2001; Silipo et al. 2005; Kaczyń ski et al. 2007; Casabuono et al. 2011; Li and Wang 2011; Wang et al. 2013a; Di Lorenzo et al. 2016; Steffens et al. 2016) . Xtt, a causative agent of the bacterial leaf streak in Poacea like wheat (Stromberg et al. 2004) , was used in this study for the analysis and clarification of the first LOS structure of a X. translucens pathovar. The obtained structure is almost identical to those from X. campestris pv. campestris (Silipo et al. 2005) . Furthermore, we determined key players in LPS-triggered signal transductions, and found similarities in plant and mammalian stress responses towards LPS treatment.
Results

Compositional analyses of Xtt LPS and isolation of LOS
The LPS was isolated from bacterial cells of X. translucens pv. translucens strain DSM-18974 utilizing hot phenol/water extraction, and subsequently purified by enzymatic treatment and ultracentrifugation. Compositional analyses of it revealed the presence of galacturonic acid (GalA), xylose (Xyl), mannose (Man), glucose (Glc) and Kdo. The absolute configurations of Rha and Xyl were identified as L, and those of GalA, Man, Glc as D. Furthermore, 11:0, 11:0(3-OH) i/a, 11:0(3-OH), 12:0(3-OH) i/a, 12:0(3-OH), 12:0, 13:0(3-OH) i, 13:0(3-OH) a, 13:0(3-OH), 14:0(3-OH) i/a, 14:0(3-OH) were identified.
Xtt LOS (fraction devoid of O-antigen) was isolated applying 50 mg of LPS on S-200 column under denaturizing conditions. Two peaks were obtained. The fractions of both were monitored using sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS/ PAGE), and only those devoid of O-antigen were combined and purified from the remaining buffer. The composition of Xtt LOS was checked by weak methanolysis. It contained all components present in LPS, with the exception of Rha and Xyl, which indicated that these sugars were specific O-antigen constituents. The chemical structure of O-antigen was not in the focus of this work, and its structure needs to be elucidated. The further structural work was performed exclusively on Xtt LOS.
Mass spectrometry of LOS
The charge-deconvoluted ESI FT-ICR mass spectrum of Xtt LOS comprised a set of mass signals, which were identified as lipid A clusters with different acylation patterns (Figure 1 top) and corresponding to different acylation patterns of lipid A clusters of lipid A-core backbone. The monoisotopic masses 1629.032 Da (calculated 1629.0316 Da) and 1460.8853 Da (calculated 1460.8802 Da) could be assigned to lipid A species containing two GlcpN, two phosphates, two 12:0(3-OH), 11:0(3-OH), 13:0(3-OH) and two or one 11:0, respectively forming hexa-and penta-acyl lipid A. Also tetra-acylated lipid A devoid of 11:0 and 11:0(3-OH) could be seen. The mass peaks at 3009.3100 Da (calculated 3009.2994 Da) and 2841.1380 Da (calculated 2841.1480 Da) derived from a core comprised of four hexoses, two hexuronic acids, Kdo, and two phosphates linked to hexo-or penta-acylated lipid A, respectively. The third signal at 2679.0845 Da corresponded to the penta-acylated lipid A-core missing one hexose. This indicated that the terminal hexose in LOS was nonstoichiometrically substituted.
NMR spectroscopy of the O-deacylated core-lipid A region of LOS from Xtt
The ESI MS analyses indicated that the core region of Xtt LOS contains alkaline-labile phosphate groups. Thus, in order to obtain complete information from nuclear magnetic resonance (NMR) measurements, prior to NMR analysis the sample was O-deacylated by mild hydrazine treatment (37°C, 30 min) with a yield of 4.8 mg (63% of the LOS). The complete structural analysis of the O-deacylated core-lipid A was achieved by different 1D and 2D spectra and the data are summarized in Table I . The anomeric region of the 1 H NMR spectrum comprised eight signals from 5.64 ppm to 4.30 ppm (Figure 2, left) . In the NMR spectra, the two α-and β-linked GlcpN residues (C and G, respectively) of the lipid A backbone were identified using their H-2 signals at 3.84 and 3.89 ppm, which were correlated to the nitrogen-bearing carbon signals at 55.18 and 56.46 ppm, respectively. The heteronuclear single quantum coherence (HSQC) experiment with gated decoupling enabled determination of the anomeric configuration of the sugars. The high multiplicity and chemical shifts of anomeric signals C (α-GlcpN), A and B (both identified as α-galactopyranosuronic acid (GalpA)) indicated the phosphorylation of the anomeric position. Residues D (H-1 at 5.28 ppm), E (H-1 at 5.13 ppm) and F (H-1 at 5.10 ppm) appeared as broad singlets with 3 J 1,2~1 Hz which is typical for the manno configuration. The H-1 signal at 4.30 ppm was assigned to β-Glcp, as shown by the strong nuclear Overhauser effect (nOe) contacts H-1/H-3 and H-1/H-5.
The spin system of the Kdo (I) was identified starting from the H-3 methylene protons found in a shielded region at 2.00 and 2.23 ppm (H-3 ax and H-3 eq , respectively). The α-configuration at C-2 was determined by the chemical shift of H-3 eq (2.23 ppm) (Birnbaum et al. 1987) . The sequence of monosaccharides in the O-deacylated core-lipid A region was established by the heteronuclear multiple-bond correlation ( 1 H, 13 C-HMBC) experiment and by the ROESY experiment. The following inter-residual nOe contacts were observed: H-1 E/H-3 D; H-1 D/H-3 H; H-1 H/H-4 F; H-1 F/C-5 I; C-1 G/H-6b C. Since C-2 of Kdo was not determined, the respective cross peak between C-2 Kdo and H-6 G could not be observed. However, the weak downfield shift of C-6 G (61.75 ppm) was in agreement with the α-(2→6) ketosidic linkage between Kdo (I) and β-GlcN (G).
In the 31 P NMR spectrum four signals were identified (two typical for a phosphodiester group, at −3.12 and −1.47 ppm, and two other originating from monophosphate monoester groups at 2.33 and 0.35 ppm) (Figure 2 , right). The location of the phosphate * Cross peak H3 F/P was not seen in P-H-HMQC spectrum; nd, not determined; -, not applicable.
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C shifts of substituted C-atoms are underlined. Table I . This figure is available in black and white in print and in colour at Glycobiology online.
groups was determined from the 31 P-1 H HMQC spectrum. The P signals 0.35 and 2.33 ppm correlated to H-1 C (5.46 ppm) and H-4 G (3.88 ppm), respectively. Thus, they belonged to the di-acylated lipid A. The 31 P signal at −1.47 ppm correlated to two protons at 5.64 and 4.64 ppm, H-1 A and H-4 I; the other 31 P signal at −3.12 ppm, despite being characteristic for monophosphate diester, showed the correlation only to H-1 B, however, strong deshielding of H-3 of α-Man F (4.30 ppm) indicated the phosphate substitution. Thus, the core region contained two phosphodiester groups, both attached at the anomeric position to α-GalpA, with the first was attached at position O-4 of Kdo (I) and the second at position O-3 of α-Man (F). Summarizing the data, the complete structure of the corelipid A backbone of Xtt LOS could be identified (Figure 3 ).
Detection of a LPS-triggered signal transduction cascade in tobacco cell culture
In order to determine constituents of the LPS-induced signal transduction cascade of Nicotiana tabacum, cells were treated with purified Xtt LPS as an elicitor. Figure 4D ). Thus, in order to determine if the phospholipase C (PLC) is also essential for the LPS stress response we treated the cell culture with 20 µM of U73122, a known inhibitor of the PLC. Again both levels of stress response were inhibited ( Figure 4E ). Although the calcium signal intensity exceeded the negative control, there was clearly no significant stress response; the baseline just appeared at higher calcium concentrations. These data suggested that PLC represents another key factor in the plant stress response. In addition to the signal transduction after LPS treatment, it was tested if the receptor for this observed LPS recognition can be inhibited. Recently, one receptor of the LPS stress response was discovered and identified as lectin S-domain receptor kinase (Ranf et al. 2015) , however, it remains unclear if there are other co-factors for LPS recognition. Therefore we applied the inhibitor oxidized 1-palmitoyl-2- arachidonyl-sn-glycero-3-phosphorylcholine (OxPapc) (Figure 5 , supplementary data), a molecule that interacts with the toll-like receptor 4 (TLR4) co-factors LPS binding protein (LBP), soluble CD14 and MD2 (Erridge et al. 2008; Von Schlieffen et al. 2009 ).
We applied OxPapc together with LPS at a concentration of 30 μg mL
, while 20 μg mL −1 of LPS was used. The results clearly show that OxPapc was capable of inhibiting the plant stress responses after LPS treatment on both calcium and H 2 O 2 levels ( Figure 5B ), compared to the control ( Figure 5A ). However, it was not clear if OxPapc triggered a specific inhibition of plant cell stress response after LPS treatment like it does in mammals, or if other non-LPS related occurrences led to the inhibition of plant signals. In order to investigate this we applied 30 μg mL −1 OxPapc together with 500 nM of invertase, a known plant stress elicitor from yeast (Basse et al. 1992 ) ( Figure 5C ), to the tobacco cell cultures. The typical invertase stress response of tabacco cells could not be inhibited by OxPapc. Interestingly, like in mammals, there was a specific inhibition of the plant response towards LPS by OxPapc. Lastly, ammantadin was given to the plant cell culture together with LPS ( Figure 5D ). Ammantadin is an endocytose inhibitor, and it was given to the cells 10 min before the LPS, since ammantadin itself triggers a weak reaction from the cells. As this reaction came to an end, LPS was applied and the LPS-induced stress response was clearly observed, showing that endocytose is not essential in order to trigger plant stress responses towards LPS.
Discussion
In this study we present the complete LOS structure of the phytopathogenic bacterium X. translucens pv. translucens DSM-18974 (Figure 3 ). The structure of the O-deacylated core-lipid A appeared to be identical to those from X. campestris pv. campestris (Silipo et al. 2005) , with the only difference that in X. translucens no phosphoamide substitution could be observed. MS studies revealed that the terminal Man in the LOS is nonstoichiometrically substituted. This, however, is the only heterogeneity in the sugar backbone of the Xtt LPS. Even changes in the phosphate-linked substituents could be excluded, which had been also reported for the LOS of a close relative to Xtt, namely X. campestris pv. campestris (Silipo et al. 2005) . In Xtt LOS, as in case of X. campestris, two GalpA residues were attached to the core backbone, both via a phosphodiester bridge. One GalpA-P was bound to Kdo and the second to the following mannose residue. Also as in X. campestris, only one Kdo residue was present and heptoses were lacking completely, whereas X. axonopodis pv. citri comprised two Kdo molecules in its LPS (Casabuono et al. 2011 ). It was not surprising that a vast amount of different fatty acids could be determined in Xtt LOS, in particular the presence of shorter acyl chains with 10-13 carbon atoms had already been described for Xanthomonas, together with a variable acylation pattern (Raetz 1990; Molinaro et al. 1999; Silipo et al. 2005; Casabuono et al. 2011) .
The remarkable similarities to the X. campestris pv. campestris and X. oryzae pv. oryzae LOS reported earlier (Silipo et al. 2005; Di Lorenzo et al. 2016) indicate that not only is lipid A involved in host recognition, but also that small differences in some of the LOS molecules, or the O-specific chain residues play a role in host differentiation, since X. translucens is a pathogen for Poaceae and X. campestris for Brassicaceae. This was recently proposed for X. oryzae pv. oryzicola (Wang et al. 2013a) .
Applying Xtt LPS and specific inhibitors to a N. tabacum cell culture resulted in the validation of key players in the signal transduction cascade. With Xtt as a pathogen for Poaceae, its LPS triggers plant defense mechanisms in N. tabacum. We could show that an early influx of calcium to the plant cell was essential in triggering the oxidative burst and generating H 2 O 2 . These findings were in accordance with earlier data (Gerber et al. 2004) . Furthermore, the inhibitor used for calcium channels, gadolinium, was not able to enter the cells and therefore blocks only the exterior calcium channels. The inhibition indicates that an influx of external calcium is needed to trigger the plant stress response. Additionally, the calcium-induced calcium response, where calcium from outside of the cell triggers a response reaction that initiates a cytosolic calcium increase through an influx from internal compartments (Bush 1995) , cannot start and the result is the inhibition of the complete signal transduction. An essential part of the plant response towards LPS and in the calcium-induced calcium response is the PLC, which represents an important constituent of many signal transduction cascades, of which a calcium-activated one was reported earlier (Melin et al. 1987) . In this work it was suggested that the calcium-activated PLC could play an important role in plant signaling events over the plasma membrane. Here, for N. tabacum, we were able to show its involvement in the stress response towards Xtt LPS. When we applied the PLC inhibitor U73122 together with LPS to a tobacco cell culture, we inhibited the stress response towards LPS measured via calcium and H 2 O 2 levels. This suggests that in the N. tabacum LPS stress response, the calcium influx over the plasma membrane, activates the PLC. The enzyme cleaves phosphatidylinositol bisphosphate (PIP) into diacyl glycerol (DAG) and inositol phosphate, which are then phosphorylated to phosphatidic acid (PA) and inositol triphosphate (IP3). Subsequently, calcium influx is most likely activated by IP3, thus increasing the cytosolic calcium concentration. It was shown that this calcium-induced calcium response and the presence of PA led to the activation of kinase pathways in and triggered the transcription of stress-related genes (Testerink and Munnik 2005; Krinke et al. 2007; Rupwate and Rajasekharan 2012; Wang et al. 2013b ). Our results clearly show that kinases also act as key factors in the LPS-triggered stress response in N. tabacum, since K252a inhibited both calcium and H 2 O 2 responses. Kinases are suggested to be important transmitters in early plant response to Xtt LPS, it might even be possible that K252a represents an inhibitor of the LPS receptor because the LPS receptor was recently identified as a lectin S domain receptor kinase (Ranf et al. 2015) . Inhibition of kinases that act at a later point in the signal transduction cascade would likely lead to cytosolic calcium increase, since many kinases are key players after being activated by calcium or PA, which are both products of PLC activity (Testerink and Munnik 2005; Rupwate and Rajasekharan 2012; Wang et al. 2013b ). This may explain why no calcium increase was measured. Kinases as part of the LOS signaling in plants were also described by Piater et al. 2004 (Piater et al. 2004 for LOS from Burkholderia cepacia and elsewhere as signal transduction factors in flagellin-evoked signaling (Gómez-Gómez and Boller 2002).
Overall, it was possible to identify several key factors essential to the stress response of N. tabacum after LPS treatment. As the results revealed similarities between plant and animal signaling, the mammalian TLR4 inhibitor OxPapc was tested by treating N. tabacum cells with LPS and OxPapc (Erridge et al. 2008; Von Schlieffen et al. 2009 ). Inhibition of the Xtt-LPS induced calcium signal is interesting since it indicates further molecular similarities between the LPS perception process in plants and animals. To prove a specific reaction towards LPS, invertase, which is known to elicit a plant defense response in N. tabacum (Basse et al. 1992) , was given as an elicitor together with OxPapc. As the reaction of the plant cells towards LPS should be specific, it was assumed that the response towards invertase was not inhibited by OxPapc. The data obtained confirmed this, thus it can be concluded that OxPapc inhibited the plant reaction to LPS at a specific level. This may indicate a similar mode of action for OxPapc in plant and animal cells. Yet, it is not clear if a specific LPS binding motive is part of the receptor, or if additional co-factors (like LBP, CD14 or MD2 in the mammalian response) play a role. However, similarities between plant and mammalian stress signalling is striking, although the receptors are different. Furthermore, inhibition of the endocytosis seems not essential for plant stress response towards LPS as indicated by the finding that ammantadin inhibits the endocytosis (Gross et al. 2005) but not the calcium signal. This indicates that LPS response is independent from endocytose, however, endocytose might occur in order to recycle the LPS receptors. In summary, mechanisms of plant immune response were elucidated in a tobacco model alongside Xtt LPS characterization, and the results suggest there may be an at least partially conserved eukaryotic LPS recognition system.
Materials and methods
Cultivation and isolation of LPS
X. translucens pv. translucens strain DSM-18974 was grown on tryptone yeast (TY)-agar plates (1.5% (w/v) agar) (Vorhölter et al. 2001 ) at 30°C. Cell material was harvested with 0.9% (w/v) NaCl and washed with H 2 O. The LPS was isolated applying the hot phenol-water method (Westphal and Jann 1965) , followed by dialysis against distilled water until the phenol scent was gone. Then samples were treated with 150 µL DNase (3 mg L −1 ) and 5 µL RNase ) also overnight [all enzymes from Serva, Germany]. Subsequently, samples were dialyzed again for 2 more days, then freeze dried. To further increase the LPS purity, crude samples were dissolved in distilled water and ultra-centrifuged for 6 h at 4°C and 150,000 × g. Resulting pellets were dissolved in water and freeze dried.
General and analytical methods
The LPS composition was determined by weak methanolysis (0.5 M HCl/MeOH, 85°C, 45 min), followed by acetylation (85°C, 10 min), and detection by GLC-MS using a Hewlett-Packard HP 5890 (series II) gas chromatograph equipped with a fused-silica SPB-5 column (Supelco, 30 m × 0.25 mm × 0.25 μm film thickness), flame ionization detector (FID) and an MS 5989 A mass spectrometer with vacuum gauge controller 59827 A. The temperature program was 150°C for 3 min, then 5°C min −1 to 330°C. Sugars were identified as their alditol acetates after hydrolysis (2 M trifluoroacetic acid, 120°C, 2 h), reduction (NaBH 4 , 16 h in the dark), and acetylation (85°C for 10 min) (Sawardeker et al. 1965 ) by GLC using a HP 5890 (series II) gas chromatograph with FID and a column (30 m × 2.5 mm × 0.25 μm, Agilent technologies) of polysilican SPD-5. Helium was used as carrier gas (70 kPa). The temperature program was 3 min/150°C/3°C min −1 /320°C. The determination of the absolute configuration of the sugars was performed as described (Gerwig et al. 1979) .
Total fatty acids were recovered from the chloroform phase after hydrolysis with 4 M HCl, 100°C for 4 h, followed by neutralization with 5 M NaOH at 100°C for 30 min. and ester-bound fatty acids after hydrolysis with 0.5 M NaOH (MeOH/H 2 O 1:1), 85°C, 2 h of LPS, and were detected by GLC [HP 6890N gas chromatograph with FID and a column (Agilent Technologies, 30 m × 0.25 mm × 0.25 µm film thickness) of Phenyl MathylSiloxane HP-5] as methyl esters (diazomethane, 10 min, room temperature). The temperature program was 120°C for 3 min, then 5°C min −1 to 320°C. The presence of 3 hydroxy fatty acids was confirmed by their BSTFA derivatives. All components were identified using authentic standards.
Isolation of rough type LOS and its O-deacylation prior to NMR spectroscopy LPS (320 mg) was fractionated on a column (1.5 × 100 cm 2 ) of Sephacryl 200 eluted with a buffer containing 0.25% sodium deoxycholate, 0.2 M NaCl, 1 mM EDTA, and 10 mM tris(hydroxymethyl)aminomethane (TRIS; pH 9.2). Fractions were monitored with SDS/PAGE (5% stacking and 12% resolving gel).
Fractions devoid of O-antigen (LOS) were combined, lyophilized, and washed three times with ethanol in order to remove sodium deoxycholate, then dialyzed. The LOS fraction was treated with absolute (100%) hydrazine at 37°C for 30 min (Holst 2000) in order to cleave O-ester-bound fatty acids, and obtain O-deacylated core-lipid A samples. C domain, and HMBC spectra were acquired using data sets of 4096 by 512 points and 64 scans for each t1 value. HMBC spectra were adjusted to J coupling constant value of 145 Hz and long range proton carbon coupling constant of 10 Hz.
Mass spectrometry
N. tabacum suspension cell culture cultivation
An aequorin transfected cell culture of N. tabacum was used (Meyer et al. 2001) , which, in the presence of colenteracin, emits light as a response to calcium ions. Cell cultures were grown at room temperature and shaken at 115 rpm in the dark in MS-media (For 1 l: 4.4 g MS-salts (Sigma M5524), 30 g sucrose, 200 µL of 5 mg mL −1 2,4-dichlorphenoxyacetic acid, 100 µL of 1 mg mL −1 Kinetin, pH 5.7 with KOH). The cell culture was transferred to fresh media in a seven day rhythm.
Cell culture measurements: calcium
Five milliliter of a 4-day old N. tabacum cell culture were put in a 60 mm petri dish and 50 µL of 0.5 mg mL −1 colenteracin in ethanol were given to the culture. Then the culture was shaken for 5 h in the dark. Afterwards, 200 µL of cell culture were pipetted into a reaction tube with cell saver tips and then placed into a tube luminometer (Berthold Technologies). Then measurement was started and every 2 s the relative light units were quantified. After cells calmed (2-3 min) Elicitor (Xtt LPS, yeast invertase) with or without inhibitors were applied. After the reaction was recorded, 200 µL of a 1 M CaCl 2 solution was put into the reaction tube to trigger the maximum light emission of the cells. With this, absolute calcium concentrations could be calculated from relative light units.
Cell culture measurements: H 2 O 2
MS-media was separated from the N. tabacum cells and 3 g were taken for the H 2 O 2 measurements. They were incubated with 12 mL pre-incubation media (3% (w/v) sucrose, 4% (v/v) MS-media) for 4 h on a shaker in the dark. Time point 0 was taken immediately before elicitors (with or without inhibitors) were given to the cell culture. After that, every 2-4 min a sample was taken. For each time point, 200 µL were put into a reaction tube with 700 µL KPI buffer (50 mM K 2 HPO 4 , adjust pH to 7.9 with 50 mM KH 2 PO 4 ) and 100 µL luminol solution (1.2 mM in KPI buffer). For each time point, two samples were measured and the mean was taken as the result. One sample was measured for several seconds, and after 3 s, 100 µL of a potassium hexacyanoferrate solution (14 mM in Millipore water) was pumped into the reaction tube by the luminometer. This triggered the luminescent reaction and measurements were stopped after the maximum was reached. After measuring H 2 O 2 standards, concentrations of H 2 O 2 could be calculated from the relative light units.
Supplementary data
Supplementary data for this article is available online at http:// glycob.oxfordjournals.org/.
Author's contribution 
